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We also tested the reversibility of the photo-driven ion pump system by alternatively integrating UV/darkness. As shown in fig. S3 , there is no obvious damping of the zerovolt current after several cycles of measurements. Therefore, the artificial ion pump system exhibits good reproducibility and reversibility, which can be ascribed to the reversible transition of carboxyl dimers dissociation to monomers.
Numerical simulation model
The theoretical simulation is based on the coupled two-dimensional Poisson-Nernst-Planck equations within the commercial finite-element package COMSOL 4.4 script
The Nernst-Planck equation (1) for each ionic species describes the transport properties of a charged nanopore, where i j , i D , i c , F ,  are ionic flux, ion diffusion coefficient, concentration, faraday constant and electrical potential, respectively. Possion equation (2) associates the electric potential with ion concentrations, where ɛ is the dielectric constant of the medium. Equation (3) where σ represents the surface charge density that varies in our simulation.
The ionic flux has zero normal components at boundaries 0 n j  
In order to obtain an affordable computation scale, the simulation system was simplified to a two-dimensional 1000 nm long conical nanochannel. The tip side and base side were set to be 10 nm and 250 nm, respectively. An electrolyte reservoir was introduced to the tip in order to reduce the effect of the exit mass transfer resistance. To carry out the calculations, "electrostatics (Poisson equation)" and "Nernst-Planck without Electroneutrality" modules were adopted. For all the calculations, the accuracy is set to be less than 10 -6 .
fig. S4. Numerical simulation model to investigate the pumping property. The simulation system was simplified to a two-dimensional 1000 nm long conical nanochannel. The tip side and base side were set to be 10 nm and 250 nm, respectively.
An electrolyte reservoir was introduced to the tip in order to reduce the effect of the exit mass transfer resistance. (drawing not to scale)
